The blood-vessels which enter the apical foramen of a tooth are said to terminate in a capillary plexus closely assoQiated with the odontoblast layer. This association is undoubtedly in connexion with the metabolic activities of these cells and the constant supply of lymph to the dentinal tubules. The walls of the vessels, especially as seen in longitudinal section, are very delicate, and it is not easy to make out their structure.
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Noyes says of them:
" A very striking peculiarity of the blood-vessels of the pulp is the thinness of their walls. Even the large arteries show scarcely any condensation of fibrous tissue around them to form the usual adventitious layer, and usually contain but a single involuntary muscle-fibre representing the media, while the walls of even the large veins are rmlade up of only the single layer of endothelial cells forming the intima, and are in structure like large capillaries."
Mummery also calls attention to their delicacy; he says:--the different coats of the arteries are difficult to detect, many even of the larger arterioles, appearing to possess an endothelial lining and a thin adventitia, but examination with high powers of the microscope and suitable illumination shows that a muscular coat is present although of great delicacy." Broomell and Fischelis (1917) describe a longitudinal layer of thinly distributed muscular fibre on the vessels of the pulp. In a very complete description of the structure of the pulp-vessels Hopewell-Smith finds the usual three coats in the walls of the arterioles, and in the "tunica intima " external to the endothelial cells he describes some elastic tissue. There are well-defined muscular and adventitious layers with nerves present in the latter. The veins differ from the arteries in their larger size, a greatly reduced muscular coat, and in some variations in their endothelium. They are non-collapsible, and have no valves.
" The walls of the capillaries are made up of a single layer of endothelial cells, the smallest channels consisting of only two or three cells which are curved to form the exterior of the tube, the average diameter being about eight microns."
According to Fischer some of the larger capillaries possess a distinct adventitia, but it is very doubtful whether this author has not confused the smallest arterioles and venules with capillaries.
Distension of the capillary is said to occur mechanically by stretching of the cells when the volume of blood in the vessels is increased. When the pressure is relaxed the cells resume their normal condition and the calibre of the channel is reduced.
Until within a few years ago the accepted view of the capillary circulation was that blood is continually flowing through them at a rate determined by the state of contraction or dilatation of the arterioles. Consequently, the dilatation of an arteriole will cause a rise in pressure in the capillaries, which will become passively expanded, contracting again by their own elasticity when the pressure is relaxed. According to this view the capillaries have no power of independent action. Recent research, however, has proved that the capillaries of the human skin, for example, are able to dilate and contract independently of the arterioles. This independent action of the capillaries is due to the presence of certain cells on the capillary wall, which were originally described by Rouget " The cells to which these nuclei belong are large branching cells, thickest around the nucleus, and thinnest towards the periphery of the cell where it tapers off into branching processes which encircle the wall of the capillary."
The changes in the endothelium under contraction and dilatation have also been studied, and it is found that in the dilated capillaries the edges of the rhomboidal endothelial cells are straightened, the cells are large, and their oval nuclei are level with the capillary wall, or project only very slightly on the inside of the tube. On contraction the cells are smaller, their edges sinuous, and the nuclei more rounded and project into the lumen of the capillary. On strong contraction the endothelium becomes still more folded. Summing up the results of Vimtrupp's investigations, it may be stated that the capillary wall, like the walls of the smallest arteries and veins, contains two elements, namely, the endothelium and the muscular coat.
The muscular coat in the larger vessels forms a more or less continuous layer, greatly increasing the thickness of the wall, and offering considerable resistance to the exchange of substances between the blood and the surrounding lymph spaces and tissue cells, whilst in the capillaries the muscular coat is arranged more or less in the form of a wide-meshed network, leaving the larger part of the capillary wall uncovered for the passage of substances through the endothelium with a minimum of resistance.
' The muscular coat of the capillaries possesses, like smooth muscles generally, a definite tonus, or posture," subject in the organism to nervous, hormonal, or other influences; and the diameter of the capillary is, on the whole, determined by the state of contraction of its muscular coat.
The passage of an arteriole to a capillary is marked by a short zone of transition in which the number of muscle-cells is reduced and the endothelium uncovered. Usually, however, there is a sharp demarcation between the muscular arteriole and the capillary, the distinctive feature of which is a large area of free endothelial surface in proportion to that covered by the contractile elements. The distinction between the capillaries and veins is much less pronounced.
The muscular coat of many vessels is so thin and incomplete that tne exchange of substances through their walls must be considerable; and in some cases vessels which are anatomically classed as veins are, from a physiological standpoint, capillaries, possessing, in spite of their large size, a coating of Rouget cells instead of simple muscle-fibres, leaving the greater part of their endothelial surface uncovered.
The sub-papillary veins of the human skin are such "giant capillaries," and the veins of the tooth pulp should probably be classed with them.
It has long been known that nerve-fibres accompany the capillaries. There are generally two fine non-medullated fibres, one on each side of the capillary, connected by a number of anastomoses crossing the capillary obliquely. Ganglion cells have not been found, and the actual connexions with the capillary wall have not been definitely made out. Sometimes a single nerve-fibre will pursue a spiral course along some portion of a capillary, in addition to (or instead of) the two comparatively straight fibres already mentioned. The nature of these fibres is not yet ascertained, but they are supposed to be sympathetic ( fig. 8, p. 34 ).
In the larger vessels, especially in the arteries, there is a plexus of nerve-fibres with numerous cells which seem to be connected with the fibres. They are not ganglion cells, and are possibly the cells figured by Mummery on the walls of the pulp vessels. From this plexus branches are given off, forming a secondary plexus inside the vessel wall, and it is possible that a nerve-net is formed by anastomosis of the fibres from which the muscle-fibres of the vessel are innervated.
It has been proved experimentally that the capillaries in many parts of the body are under sympathetic control; stimulation of the sympathetic fibres, for instance, running in the adventitial coat of the humeral artery causes a contraction of tne capillaries at the base of the finger-nail in man. When examined microscopically under suitable conditions the contractions can be seen to start from the nuclei of the Rouget cells.
" There is reason to believe," says Krogh, " that every single Rouget cell is supplied from a sympathetic fibre and can be made to contract through it."
There is some considerable evidence that sensory nerve-fibres are concerned in the dilator innervation of the capillaries. In this connexion Mummery's demonstration of the relation of sensory fibres to the vessels of the pulp will be remembered, and although these fibres have not been proved to be sensory, since we know that the fifth nerve contains some sympathetic fibres, it would be in line with what is known of vaso-dilatation generally that sensory nerve-fibres should be concerned with this process in the pulp.
For examination of stained material, young, healthy teeth were used which had been extracted for regulation purposes. In some cases the teeth were decalcified, impregnated with silver by the Bielschowsky process and the stained pulps cut in situ. Those sections showing the relation of the nerve-fibres to the vessels, the flat nuclei of the Rouget cells outside the capillary wall, and the muscle-fibres encircling a small arteriole, were prepared in this way.
In other cases the tooth was cracked and the pulp removed from its cavity, fixed and embedded in paraffin cut and stained by various methods. One pulp of an upper premolar from which several of the photographs were made, was cut serially so that the vessels could be examined through the entire organ.
The general distribution of the vessels is as described in the text-books. At the apical extremity there are one or two main vessels which run up the centre of the tissue and several subsidiary vessels which may be cut transversely or obliquely. Very few capillaries are found here.
Passing up the pulp the number of vascular stems rapidly increases. The diameter of the vessels and the thickness of their walls varies greatly, some of the veins being scarcely more than channels or unlined spaces in the pulp tissue. In the middle third of the organ there are evidences of small vessels and capillaries right across the tissue ( fig. 1, p. 31 ) but especially towards the odontoblast region, and the appearance of a vascular plexus towards the edge of the pulp is seen, from which the ultimate surface capillaries doubtless arise ( fig. 2, p. 31) .
It is well known that the capillaries are very numerous at the pulp surface ( fig. 2 , p. 31); one of the silver preparations under the microscope is taken from the extreme edge of the tissue and shows the capillary network very distinctly. But there are many running through the body of the organ to which I would call your attention. It may be mentioned in passing that the diameter of the largest vessels in the seriallycut pulp is as much as 200 microns, much greater than one would expect from the figures published as to the size of the pulp vessels. The diameter of the pulp capillaries varies greatly, and it is not always possible to distinguish a small arteriole and venule from a capillary. The points of difference are of course the absence of adventitia and continuous muscular coat from the wall; but since many of the pulp veins have these characteristics, they are classed as veins only from their size-they may well be included in the category of " giant capillaries " (fig. 3, p. 32 ).
The difficulty in distinguishing a capillary by its size is increased by reason of the fact that the calibre of the individual vessels varies greatly in its course. In the illustration ( fig. II) the width of the capillary in its narrowest part is 005 mm., increasing to as much as *01 mm. at its widest. One might put the limits of measurement at from 005 mm. to *02 mm. The smallest would of course be too small for the passage of cells and would contain plasma. If it were possible to examine a pulp under different conditions, the number of capillaries visible would not be constant, many being closed under conditions involving sympathetic stimulation, or expanded under dilator impulses.
I desire to call your attention to the possibility of the presence of contractile cells -the so-called Rouget cells, on the walls of the small arterioles, venules and capillaries of the pulp. In many of the preparations examined I have found nuclei along the walls which are obviously not endothelial and which quite possibly are muscle-cells (figs. 4, 5, 6, pp. 32, 33) . It must be remembered that one gets only a thin edge in section of what must be an expanded and flattened nucleus in the dilated vessel. In contraction the nucleus looks altogether rounder and smaller. The section here shown was sent to Professor Krogh, who replied that after careful examination both he and Dr. Vimtrupp (whom he spoke of as the " specialist on capillaries ") were of the opinion that the nuclei on the outside of the capillary were Rouget cells ( fig. 7 , p. 34). I have not yet been able to complete the work, and should not at this stage have brought it to your notice, except that in a rash moment I had promised your President a paper, and it seemed not unpropitious to introduce a subject that must be of great importance in pulp metabolism.
The innervation of the vessels of the pulp has engaged much attention for some time past. You will remember an illustration in Hopewell-Smith's last edition of " Normal Histology" showing a nerve-fibre in relation to a vessel, and Mummery's beautifuli preparations and drawings are also well known. The slide now exhibit,ed ( fig. 8 , p. 34) shows some nerve-fibres in relation to capillaries. The relationship may be of course accidental, but the winding fibres here seen are exactly as described by Dr. Vimtrupp and are considered by him to be those supplying impulses to the capillary walls.
The question as to the nature of the nerve-fibres, whether they are sensory or sympathetic, has yet to be decided. Mention has already been made of Mummery's suggestions as to the possibility of the dilator mechanism coming from the sensory fibres, and, with the belief of most histologists of the present day, that nerves enter the dentine, it is possible to explain the profound circulatory changes that sometimes occur in the pulp in the early stages of disease of the dentine before infection of the pulp can have taken place. If contractile cells are present on the walls of the capillaries -and there is reason to suppose there are-they, like similar cells in other parts of the body must have a similar nerve control, each cell being supplied from a sympathetic fibre (Krogh). I am exhibiting a slide of a small arteriole which shows the presence of some circular fibres, probably muscle ( fig. 9, p. 35) .
In recapitulation, it is suggested that the capillaries of the pulp are not merely endothelial tubes which expand as the arterial pressure is increased, and contract when the pressure is reduced by their own elasticity; but that they, in common with the small arterioles and venules, have a contractile mechanism of their own. This mechanism consists of the presence of certain nucleated cells on the endothelial wall which, with their processes, encircle the wall. That contraction of the capillary comimences at the nucleus of one of these cells which are innervated by sympathetic fibreg.
:.E-,.r--..:
-:-, 
